The aim of the article was to assess the similarities of average price changes in the residential market in 34 European countries in 2010-2016. The first part of the study concerned tendencies of changes in average prices in residential markets in the studied countries, while the second part analyzed cooccurrence of changes in these countries in time. The study covered the period after the first wave of the financial crisis in Europe and took into account the second wave of crisis in several euro area countries. Price indices, trend functions, price ranges, linear correlation coefficients and shape similarity measure were utilized for conducting this study.
Introduction
Monitoring, analysis and forecasting of residential market conditions is essential for national economies. Changes in supply and demand and price changes are significant both at micro-economic scales (for individual household budgets) as well as at a macro scale (stability of the banking sector and national financial stability). Importantly, due to the their long-term nature, these factors may be of strategic importance for a country (due to their connection with demographics). Consequently, research centers in individual countries systematically perform studies concerning the shaping of residential prices (in nominal and real terms), housing availability (i.e. the ratio of housing prices to wages), housing loan availability (taking into count eg. the loan interest), and supply and demand in the housing market. In Poland, apart from scientific centers, such analyses are performed by GUS (Central Statistical Office), NBP (National Bank of Poland), ZBP (Association of Polish Banks), and AMRON-SARFiN.
www.degruyter.com/view/j/remav vol. 25, no. 4, 2017
Comparative analyses of residential real estate markets are often the topic of research studies. Such comparisons often concern both local real estate markets in a given country as well as real estate markets in different countries. Both comparisons have important scientific implications for real estate market economics. The results obtained have a practical dimension, especially allowing for eg. the diversification of real estate investment fund portfolios, risk management in banks engaged in mortgage activity, and for forecasting residential prices with the use of spatial-temporal analogies.
Literature review
Analyses of spatial-temporal differentiation in residential real estate markets are most often performed for local markets in a given country, e.g. for the largest cities. From studies of Polish housing markets, mention should be made of in-depth studies concerning pricing dynamics in local markets conducted by CELLMER 2010; BEŁEJ, KULESZA 2015; BEŁEJ 2012 and TROJANEK 2012 and WOLSKI 2016 . Pricing convergence in local markets in Poland was also an object of study (e.g. GNAT 2016; DITTMANN 2012a and , along with pricing differentiation in local residential markets (eg. ŻELAZOWSKI 2011). Some of the analyses concerned similarities of time series of prices in local housing markets (eg.: BEŁEJ, KULESZA 2014; KRUSZKA, TROJANEK 2014; DITTMANN 2012a and 2012b) .
Among the newest studies of spatial-temporal differentiation of prices in local real estate markets in other countries, attention should be given to a wide-range study of housing price correlation in the biggest cities of the USA conducted by Zimmer (ZIMMER 2015) . These studies were dictated by the crisis in housing markets in the USA. By analyzing monthly data, Zimmer has shown that housing prices showed a correlation varying in time, and furthermore this correlation increased during market turmoil. In turn Titman et al. (TITMAN et al., 2014) analyzed housing prices in 97 US metropolitan areas between 1980 and 2011. They showed that annual price changes are characterized by a positive correlation. Miles (MILES 2015) studied regional price segmentation and convergence in US housing markets. Schindler (SCHINDLER 2013) studied persistence of price changes and price predictability in 20 US residential markets in nominal and real terms.
Comparative analyses of price dynamics in real estate markets in different countries are often conducted as part of studies of real estate market cyclicality (among others, AKIMOV et al. 2015; ALVAREZ et al. 2010; BRACKE 2011; DE BANDT et al. 2010; IGAN, LOUNGANI 2012; KYDLAND et al. 2016; ŻELAZOWSKI 2016) . The results of these analyses allow for an identification of both similarities and differences in the shaping of long-term trends and to divide countries into groups similar to each other with respect to trends and speculative bubbles (see among others DITTMAR et al. 2015; TSATSARONIS , ZHU 2004; TISSOT 2014) . Cesa-Bianchi et al. (CESA-BIANCHI et al. 2015) compared price cycles in housing markets in developed and developing countries (based on quarterly data from 1990-2012). They have shown that house prices in developing economies rise quicker, are more variable, unstable and are less synchronized than in the case of developed countries. Interesting studies were conducted by Milcheva and Zhu (MILCHEVA, ZHU 2016) . They concerned the convergences of housing prices in developed countries with the banking integration level (as measured by trans-border interbank flows) The researchers found that banking integration levels may capture the level of residential real estate market convergence better than other economic integration measures (eg. international trade, foreign investment, geographical distance etc.). Engsted and Petersen (ENGSTED, PETERSEN 2015) compared 18 OECD countries with respect to the predictability of the degree of return from housing investments and increases in rents with the use of the rent to price ratio as a predictive variable. They have found that 1) for most of the countries studied, the rent to price ratio may to a large degree serve to predict the return from a real estate investment 2) there are large differences between countries and between time periods concerning the predictability of rent increases w 3) predictive models depend on the applied approach -nominal or real.
The studies presented in this article concern similarities of 34 European countries with respect to changes in average prices in the residential market (based on price indices). The analysis conducted involved a relatively short study period: 1st quarter 2010 -2nd quarter 2016. However, this is a unique period, occurring after the first wave of financial crisis in Europe (Ireland, Spain, Portugal and Greece) and including the second wave of crisis in several euro area countries (Ireland, Spain, Greece, Cyprus, Portugal, Italy) Based on the conducted literature review, no answer was found to the question of whether there was a similarity of European countries with respect to changes in housing prices in this "uncertain" period. Conducting a wide-ranging (in terms of the number of countries compared) comparative analysis of the shaping of housing prices partly fills this gap. The aim of this article is to evaluate the similarities in changes of average prices in the housing market in European countries during the time period of 2010-2016. The first part of the study deals with changes in average prices in the housing markets in the studied countries, and the second part concerns the co-occurence of these changes in these countries during this time period.
Data and Methodology
The study was conducted based on 26 quarterly(1st quarter of 2010 -2nd quarter of 2016) single-base indices (2010 = 100) of average nominal prices in residential real estate markets in 34 European countries (Austria, Belgium, Bulgaria, Switzerland, Cyprus, Czech Republic, Germany, Denmark, Estonia, Spain, Finland, France, United Kingdom, Greece, Croatia, Hungary, Ireland, Iceland, Italy, Lithuania, Luxembourg, Latvia, Macedonia, Malta, Netherlands, Norway, Poland, Portugal, Romania, Russia, Sweden, Slovenia, Slovak Republic, Turkey). The source of data was the Bank for International Settlements (BIS Residential Property Price database).
In order to perform an analysis of changes in average housing prices, plots of dynamic indices were prepared, trend function parameters were estimated (and the significance of parameters was evaluated) and price index value ranges were calculated for individual countries.
Studies of co-occurrence were conducted in 2 stages. First, Pearson's linear correlation coefficients were calculated. Next, the presence of spatial-temporal analogies was determined with the use of shape similarity measure m (formula 1) (CIEŚLAK, JASIŃSKI 1979; DITTMANN 2012a) . Such a determination is conducted as follows. In order to calculate the shape similarity measure, the time series interval for the variable (taken do be the dynamic index) which characterizes the first object (taken to be the studied country) of length t (taken to be the entire studied period) is determined. In the time series describing the second object (another country) a search is made for intervals of the same length t for which the value of the similarity measure as calculated from the formula below is greater than or equal to the assumed threshold value m*. By "rolling" the intervals, the researcher has the ability to identify similar objects: convergent (here countries where changes occurred simultaneously), leading (where changes in prices occurred earlier) and following (where changes occurred later). The values of the measure are standardized. There are contained in the range of < -1; 1>. The absolute values of the measure characterizes the degree of similarity (with a positive measure values) or dissimilarity (with a negative measure value) which is higher the closer the value is to unity. The threshold similarity measure value was taken to be m* = 0,6. In looking for leading and following markets, the series indices were shifted by 1, 2, 3, 4 and 5 quarters.
Empirical results

Similarity of changes in average housing prices -a trend analysis
Based on a preliminary analysis of price index plots, the studied countries were divided into 3 groups: 1) countries with a trend of increase (rising countries), 2) Countries where a clear change in trend was observed (correcting countries), 3) Countries of a decreasing tendency (falling countries). The price indices are presented in Figures 1-3 . The 1st group included: Austria, Belgium, Switzerland, Germany, Estonia, Iceland, Luxembourg, Latvia, Malta, Norway, Sweden and Turkey. The second group included Bulgaria, Denmark, Spain, Finland, France, UK, Hungary, Ireland, Macedonia, the Netherlands, Lithuania, Poland, Portugal, Romania, Russia, Slovenia, Slovakia and the Czech Republic. The third group included Cyprus, Greece, Croatia and Italy. For rising countries and falling countries a trend function was estimated (Tab. 1). Calculated p-values for linear trend functions confirmed the correctness of assigning countries to rising and falling groups. Source: own calculation.
Among the rising countries, there were countries with very low index values i.e. Malta, Belgium (approximately 110 at the end of the studied period) as well as countries with exceptionally high index values at the end of the studied period, i.e. Turkey (about 210) and Estonia (approximately 160). Price indices of other countries at the end of the studied period ranged from approximately 120 (Switzerland) to approximately 150 (Iceland). The correcting countries group was very varied with respect to both the direction of trend change as well as index values. Among these countries there were countries with an initially constant trend that then changed into an increasing one. This small subgroup is therefore rather similar to rising countries. These countries are the UK, Czech Republic and Lithuania. The second, more numerous subgroup is characterized by an approximately parabolic shape of the trend function, where after a period of decrease a period of increase occurred. In this subgroup, the following can be distinguished: a) countries of low price decreases (max 10%) as compared to 2010 (baseline) in the first period, where at the end of the studied period the prices exceeded those from 2010: Denmark, Hungary, Slovakia, b) countries where low initial price decreases (max 15%) occurred, where at the end of the studied period the prices reached 2010 levels or were slightly lower: Bulgaria, Portugal, Poland, Macedonia, the Netherlands, c) countries with large initial decreases (15%-30%) and a small later correction: Spain, Romania, Slovenia, d) a country with a large decrease followed by a large increase: Ireland. The last sub-group of correcting countries is made up of 3 countries: France, which at first was characterized by an increasing tendency followed by a decreasing trend, Finland, where first an increase occurred followed by price stabilization, and Russia, where first a large decrease was observed, followed by a return to 2010 levels, after which another decrease occurred. The falling countries group is small, with four countries: Greece (the price index value at the end of the studied period equal to about 64), cyprus (approximately 74), Italy(approximately 85) and Croatia (about 90). A comparison of countries was also made with respect to the lowest and highest dynamic index values in the studied period, and the dynamic index value range in the studied period (Fig. 4) . It is possible to distinguish countries with the highest index values of 100 or slightly higher (Greece, Spain, Ireland, Cyprus, Romania, Russia, Slovenia, Italy, Netherlands, Portugal, Croatia, Bulgaria, Macedonia, Poland) and countries with the lowest index values (Austria, Finland, Germany, Luxembourg, Iceland, Estonia, Switzerland, Czech Republic, Belgium, Sweden, Latvia, Norway, UK, Turkey, France, Malta, Denmark, Slovakia and Lithuania). In the case of Spain, the lowest index value was approximately 90 and the highest value was approx. 115. Among the studied countries it is possible to indicate both countries with small range values of about 9-12 percent (Poland, Finland, Macedonia, France, Bulgaria, Croatia), countries with average range values of about 13-23 percent, Belgium, Czech Republic, Portugal, Malta, Netherlands, Slovakia, Italy, Switzerland, Slovenia, Denmark, Russia), countries with high range values, about 25-40 percent (Germany, Hungary, Romania, Cyprus, UK, Lithuania, Spain, Luxembourg, Ireland, Greece, Latvia, Norway, Austria) and very large (Sweden, Iceland, Estonia, Turkey). 
Co-occurrence of price changes over time
In order to evaluate the co-occurrence of price changes in time in the studied markets, linear correlation coefficients of price indices were calculated (Tab. 2). The following groups of countries were identified: 1) With a high positive correlation of dynamic indices (coefficient value > 0.8), 2) With a high negative correlation of dynamic indices, 3) with low absolute values of correlation coefficients or statistically insignificant values. High positive correlation coefficients characterized : 1) almost the entire rising countries group: Austria, Belgium, Switzerland, Germany, Estonia, Iceland, Luxembourg, Latvia, Norway, Turkey; 2) the entire group of falling countries; 3) some countries in the correcting countries group (eg. Bulgaria and Portugal, Poland and the Netherlands, Poland and Spain, Hungary, the Czech Republic and Slovakia). High negative correlation coefficient values were observed mainly between rising countries and falling countries, but also between rising countries and correcting countries. (eg. Austria and Poland), and between falling countries and correcting countries (eg. Greece and Finland) and between countries in the correcting countries group (eg. Finland and Spain). .59 1 AU -Austria, BE -Belgium, BU -Bulgaria, SW -Switzerland, CY -Cyprus, CZ -Czech Republic, GE -Germany, DE -Denmark, ESEstonia, SP -Spain, FI -Finland, FR -France, UK -United Kingdom, GR -Greece, CR -Croatia, HU -Hungary, IR -Ireland, ICIceland, IT -Italy, LI -Lithuania, LU -Luxembourg, LA -Latvia, MC -Macedonia, ML -Malta, NE -Netherlands, NO -Norway, PLPoland, PO -Portugal, RO -Romania, RU -Russia, SE -Sweden, SL -Slovenia, SR -Slovak Republic, TU -Turkey
Source: own calculation.
In the next step, the presence of spatial-temporal analogies was investigated with the use of shape similarity measures 1 . Table 3 presents converging, leading and following with respect to each of the studied countries. In parentheses, the values of shape similarity measures exceeding the threshold value of m*=0,6 is given, along with the number of quarters of lag (in the case of following countries) or advance (in the case of leading markets) 2 . Among the studied countries, the following groups of countries may be identified where a) several leading and/or following and/or converging markets were identified (Germany, Estonia, Iceland, Sweden, Turkey, Luxembourg and Latvia), b) 1-2 leading, following or converging markets were identified (Austria, Belgium, Switzerland, Spain, Finland, UK, Greece, Ireland, Italy, Portugal) and c) where no converging, leading or following markets were identified (countries not mentioned above) The vast majority of spatial-temporal analogies were observed among rising countries. Furthermore, three cases of analogies between rising and correcting country groups were identified (Belgium and Finland, Belgium and France, UK and Sweden), one case of an analogy between falling and correcting countries (Italy and Portugal) and one case of an analogy between falling countries (Greece and Italy). It must be noted that the measure values are not high, with almost all of them being in the range between 0.6 and 0.7, and therefore the similarity of price shaping in the studied markets as measured by the shape similarity measure is not high, both when assuming no shift in time and when taking into account the possibility of lags in changes. Source: own calculation.
Discussion and conclusions
European countries generally differed in terms of price changes in the housing market. However, it was possible to divide them into groups and subgorups with common characteristics. 12 countries were characterized by an increasing price index trend. However the rate of increase was different. 18 countries were classified as correcting countries, as they were characterized by a clear change in trend during the study period. In the case of most countries from the correcting countries group the prices first decreased and then rose. However, significant differences in the amounts of decrease and increase were observed. In the case of some countries, a period of price stabilization was observed instead of an increase or decrease phase. Furthermore, there are countries with typical (as compared with other countries) trends, eg. an increase followed by a decrease (France) or multiple changes in trend (Russia). Furthermore, 4 countries with a decreasing tendency during the study period were found. Additionally, a differentiation of countries with respect to the price index range during the studied period was found. Countries were divided into three distinct groups: with small range values, (approximately 9-12 percent), average range values(approximately 14-23 percent) and large and very large range values. A study of co-occurrence of changes in time conducted with the use of linear correlation coefficients have shown the existence of correlations mainly in rising and falling country groups. Interestingly, in the case of Poland a high correlation coefficient was found in relation to the Netherlands and Spain. On the other hand, the Czech Republic, Slovakia and Hungary (the remaining Vysehrad group countries) represented a distinct group, also with high correlation coefficients. The studies were performed utilizing a shape similarity measure, which allowed for the identification of converging, leading and following markets for some (not all) countries. However, it must be noted www.degruyter.com/view/j/remav vol. 25, no. 4, 2017
that the values of measures were not high. This indicates that the shape similarity was not large. A similar study performed for the eight largest cities in Poland in the time period from the 1st quarter of 2006 to the 2nd quarter of 2011 yielded much more interesting results in the form of large similarity measure values (DITTMANN 2012a) . Therefore, it may be concluded that factors connected with the economy of a given country are of great importance to the shaping of real estate market price changes. A similar conclusion can be drawn from the conducted trend analysis. The presence of many countries with an increasing tendency, several countries characterized by a varying trend and some countries of a decreasing tendency indicate a large role of national factors in determining prices in the residential real estate market. Of course, this does not exclude the existence of connections in the form of, for example, unified credit policies of mortgage banks.
No similarity of countries with respect to price change was observed when separating countries into developing and developed ones. Both in the developing and developed country groups there were countries (residential markets) identified with rising, varying and decreasing trends. It was also noted that the highest increases were recorded in Turkey and Estonia -developing countries. Furthermore, the division of countries into euro area and non-euro area countries was not reflected in price change tendencies and the size of changes.
The occurrence of differences in price trends in real estate markets, in particular the existence of pairs of countries with negative linear correlation coefficients, indicates a possibility of portfolio diversification per Markowitz's portfolio theory. The presence of countries with both low and high price dynamics allows for real estate portfolio diversification with respect to varied investment risk levels.
It is important to highlight the difficulties of conducting research on real estate price dynamics, especially across different countries. The problems connected with conducting a comparative analysis of real estate markets in different countries using statistical methods are shown by, among others, HORSEWOOD 2011 , SCATIGNA et al. 2014 , STEINER 2013 . To a large degree these difficulties result from different data collection systems in different countries and different degrees of data aggregation.
